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SCOUT VEHICLE AERODYNAMIC-NOISE MEASUREMENTS
By David A. Hilton

NASA Langley Research Center
Langley Station, Hampton, Va.

The results of recent free-flight surface-pressure measurements are presented
for the NASA Scout launch vehicle for Mach numbers up to about 4, free-stream
dynamic pressures up to about 2,300 pounds per square foot, and Reynolds numbers
based on vehicle length up to about 400 million. Useful data from two onboard
microphones up to the time of second-stage firing were telemetered to the ground
station for recording and analysis. The overall surface noise levels were noted
to increase roughly as the dynamic pressure increased, but did not vary markedly .
as a function of Mach number. However, a Mach number effect on the spectral con-
tent of the surface noise pressures was noted as a general result of the tests.

In particular, the spectra at the higher Mach numbers contained relatively more
high-frequency noise and relatively less low-frequency noise than spectra measured
at low speeds. The results of the above tests are compared with available data
from other free-flight studies.




SCOUT VEHICLE AERODYNAMIC-NOISE MEASUREMENTS
By David A. Hilton™

NASA Langley Research Center
Langley Station, Hampton, Va.

INTRODUCTION

For a variety of flight vehicles, aerodynamic noise is significant from the
standpoint of exciting directly the vibration modes of the surface structure,
causing sensitive equipment to malfunction, and interfering with the normal duty
functions of the vehicle occupants. Interest has been intensified in recent years
in this problem because aerodynamically induced disturbances are inherently more
important with regard to high-performance aircraft and launch vehicles. Although
a8 large number of aerodynamic-noise studies have been made, most of these have

. been analytical in nature or have involved laboratory experiments rather than

free-flight-type experiments (see ref. 1). It is particularly desirable to have
full-scale free-flight data which apply directly to realistic ranges of flight
conditions and for comparison with other studies.

The free-flight conditions for which aer amic-noise data are available
(see refs. 2 to 8) can be summarized briefly with the aid of figure 1. 1In fig-
ure 1 are plotted the ranges of Reynolds numbers assoclated with the operation
of three types of test vehicles as a function of Mach number. As represented by
the crosshatched area, it can be seen that data are available for fighter-type
aircraft for Mach numbers up to 2 but for only a limited range of Reynolds numbers.
As indicated by the hatched region, for bombers and transport-type aircraft the
Reynolds number range is more extensive but the Mach number range is limited.
Although several attempts have been made to obtain launch-vehicle measurements
for the ranges indicated by the shading on the figure, no comparable systematic
data are available. Research results to date (see refs. 3 and 7) have suggested
that both Mach number and Reynolds number are significant parameters. With regard

. both to launch vehicles and the proposed supersonic transport, there is a need for

measurements in the range of Mach numbers and Reynolds numbers encompassed by the
solid curve. Because of the operational limitations of current aircraft, it is
necessary to make use of launch vehicles in order to obtain data in this latter
Mach number - Reynolds number range. The present paper describes the use of the
Scout launch vehicle for this purpose and presents a summary of flight-test
results (see ref. 9).

SCOUT VEHICLE PERFORMANCE AND DESCRIPTION

An indication of the range of Reynolds numbers and Mach numbers associated
with the Scout launch-vchicle trajectory is given in figure 2. The Reynolds num-
bers were calculated based on distance rearward from the nose of the vehicle to
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the transducer location. The range of Reynolds numbers indicated was associlated
with two instrument locations on the vehicle. As a matter of interest it can be
seen that the Reynolds nuumber range extends above 200 million for a range of Mach
numbers of particular interest for the supersonic transport and for various launch
vehicles.

The test-vehicle shape and significant dimensions, along with the onboard
equipment, can be described with the aid of figure 3. The vehicle was roughly
72 feet in length with a maximum diameter of 40 inches. The two microphone meas-
uring stations were located approximately 34 feet and 68 feet, respectively, back
from the nose. The nature of the onboard measuring and telemetering equipment is
indicated by the photographs at the left-hand side of the vehicle. All of this
onboard equipment with the exception of the battery-power supply and cabling
weighed about 4 pounds, and the largest dimension was approximately 7 inches.
The microphones had a diameter of about 1/2 inch, were flush mounted in the vehi-
cle surface, and were connected to an FM telemeter transmitter through the
assoclated amplifier and carrier equipment shown. These instruments, together
with the ground-station tape-recording equipment, provided a frequency range of
about 50 to 10,000 cps for each microphone channel.

The nature of the experiment plus a schematic indication of the manner in
which data were acquired are shown in figure 4, The aerodynamic-noise equipment
was carried as a "piggy-back" payload in conjunction with the launching of reentr;
payload. The vehicle was launched from Wallops Island, Virginia, and was tracked
by means of a nearby radar facility. The telemeter system transmitted real-time
noise data from both microphones using one data link. The signal was received
and tape recorded at the ground station, also located at Wallops Island. Usable
data were obtained up to the time of second-stage ignition. Thus, the data
included first-stage burning, during which time the vehicle passed through the
maximum dynamic-pressure condition and achieved a Mach number of about 4, plus
the coast period between first-stage burnout and second-stage ignition. The
maximum distance between the vehicle and the receiving station during the time
of data acquisition was approximately 30 miles, at which time the vehicle was at
approximately 100,000 feet altitude.

PRESENTATION OF MEASURED DATA

As in some previous experiments, it was noted that the noise pressures
increased as the free-stream dynamic pressure increased. This phenomenon is
illustrated by the curves of figure 5 in which the vehicle free-stream dynamic
pressure and the measured noise pressures are both plotted as a function of Mach
number. It can be seen that at the lower Mach numbers the noise-pressure curve
follows the dynamic-pressure curve quite closely. It can, however, be seen that
the noise-pressure curve peaks at a lower Mach number than the dynamic-pressure
curve and, furthermore, there is a deviation from the dynamic-pressure curve at
higher Mach numbers. This deviation may be explained in part by a Mach number
effect which is shown in figure 6 and which will be explained in more detail
during the discussion of figure 7.




This effect is illustrated by the data of figure 6 in which the surface-

coefficient Vp?/; is plotted as a function of Mach number for the data obtained

at the two measuring stations. The solid portions of the curve suggest a trend
toward reduced surface pressure coefficients at the higher Mach numbers. The
dashed portions of the curve at high Mach numbers correspond to flight conditions
at high altitude and very low associated dynamic pressures. The signal-to-noise
ratios are rather low at these latter conditions, and thus the dashed curves are
based on less reliable data.

Analyses of the recorded data have indicated a definite effect of Mach num-
ber on the spectral content of the measured pressures, and this effect is illus-
trated in figure 7. Data are presented here for microphone 2 at two different
times in the flight for which the dynamic pressure conditions were essentially
equal but the Mach numbers were greatly different. The octave band spectrum for
a Mach number of 0.67 is shown by the circle symbols, and the octave band spectrum
obtained at Mach number 4.1 is represented by the square symbols. The spectra

. were noted to have a single broad peak, and this peak moved to higher frequencies

as the Mach number increased. In the specific case illustrated in figure 7, this
peak in the spectrum is noted to change from about 2,000 cps at the lower Mach
number to about 8,000 cps at the higher Mach number.

There is a suggestion that the instruments did not have a sufficient fre-
quency range to measure all the significant frequency components at the higher
Mach numbers. Thus there is a tendency to underestimate the surface-pressure
levels at the higher Mach numbers, and this would account, in part at least, for
the effects noted at the higher Mach numbers in figures 5 and 6.

COMPARTSON WITH OTHER DATA

The range of pressure-coefficient values measured for the Scout vehicle is

" compared with similar data from other free-flight studies in figure 8. It can be

seen that these data compare favorably in magnitude with those measured for the
B-47 and B-57 aircraft (see refs. 5 and 6) as indicated in the figure, and for
which the Reynolds numbers were of comparable magnitude. These values are con-
siderably higher than those measured on the nose cone of a fighter aircraft

(ref. 4) for which the Reynolds numbers were much lower, and hence the local flow
conditions might have been considerably different. The Scout data values are
notably lower, however, than those measured for the Mercury spacecraft (ref. 8)
which had rough external contouring and possible associated flow separation and
shock-wave interactions.

CONCLUDING REMARKS

A brief discussion has been given of an experimcnt in which aerodynamic-noise
data at high Reynolds numbers were obtained in the supersonic-speed range with the
aid of a launch vehicle from which real-time information was telemetered to a



ground recording station. The results of this experiment indicate a shift in
spectrum shape as a function of Mach number, the higher frequencies being asso-
ciated with the higher Mach numbers. Another result suggests that the surface-
pressure coefficients at supersonic Mach numbers do not vary markedly from those
at subsonic Mach numbers for comparable flow conditions.
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Attached is a corrected figure 2 to replace the original figure 2
of this paper.



*SUOT3TPUoOd Julgsrisdo STOTYSA 3NOOS ~°2 9INITA

VSVN

438NN HOVIN
1% ¢ 4 _ o

| | | |

- 00l

| NOILISOd 3INOHJOYOIW

1002

-100¢

- 00t
2 NOILISOd 3INOHJOHIIW

mwo_ﬁoow
43AGNNN
SOTONA3Y



*STOTUSA YOUNBT 3NOOG JI0J UOTFBIUSWNIASUT -°¢ SINITJ

J

NEEREL 09S 43HITHAY
INOHJOHDIN oM 0L ANV4g 3dim

RSt | O

Lol o 1,1
SHHONI "9 1v0S

34NNV
ANOHJOYHOIN

»

M3LLINSNVYL ¥3LINITIL WA

ey il




Y/ T alis

S3ILITIOVA mwum/%%mwp J19IHIA
ONINOVYL aNNONS HONMV 1
yvavy 1N02S
|
|
/
/
MNIT V1va /
43L3IW3N3L \
/
\\
///
/,J NOILvYvd3S 1NONYNG \

-—
—
\\

3OV1S ,_w_N JOVIS 8Bl _ -~

—— C— —




*aanssoxd
OTWeudp WeoI3s-99IJ pue aanssodd SSTOU JO UOTIBTILION -°C 2an3Td

VSVN

H3GWNN HOVIA
€ [4 I 0

b
4

T T T 10
-9 -G
-0l -0l
N.._....._\mn_
2
-1SI -Gl
102 02

20Ixdgz gz
2L4/g7 ‘b
‘34NSSIYd DIWVNAC




T 111 T |l

| 2\
MEASURING STATIONSS—

ol ,
: MICROPHONE |
. :
/ !
V2 sk
Y 005F MICROPHONE 2
oozl
L | | 1 | |
0 | 2 3 4 5

MACH NUMBER

NASA

Figure 6.- Surface pressures measured on Scout vehicle.
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